The extracellular fluid pH of brain tissue is considered to be important in cerebrovascular control (Lassen, 1974) . Supporting evidence comes from many different experiments, for example from studies in which the brain surface is perfused with mock cerebrospinal fluid at varying values of pH (Wahl et al., 1970) , from correlations between cerebral blood flow (c.b.f.) and the concentrations of brain tissue metabolites (Kennedy et al., 1975) and from direct measurements of extracellular fluid (e.c.f.) pH (Betz and Heuser, 1967) .
One circumstance in which e.c.f. pH may operate is in adjusting cerebral perfusion to meet metabolic demands. An increase in cortical activity, through the mechanism of an increase in carbon dioxide production, leads to an acidotic shift in cortical e.c.f. pH, which dilates the resistance vessels and c.b.f. increases to meet the new metabolic requirement of the brain. The converse sequence of events is believed to occur in conditions when cortical metabolic activity is decreased.
Althesin is a rapidly acting i.v. anaesthetic agent, which consists of two steroids-alphaxalone and alphadolone-dissolved in saline, with an emulsifying agent, cremophor EL. There is a steroid content of 12 mg ml" 1 (alphaxalone 9 mg ml"" 1 and alphadolone 3 mg ml" 1 ). Althesin produces major decreases in c.b.f. and cortical oxygen uptake within short periods of time (Pickerodt et al., 1972; Keaney et al., 1978) . It seemed that this anaesthetic could be used to investigate the possible links between flow and metabolism and we report here results of measurements of c.b.f. and cortical e.c.f. pH during the action of Althesin.
METHODS
Four baboons (Papius papio) of either sex and of weights between 9.2 and 13.3 kg were premedicated with phencyclidine 0.5 mg kg -1 i.m. and, 1 h later, anaesthesia was induced with halothane in nitrous oxide in oxygen. A cuffed orotracheal tube was inserted after the administration of suxamethonium i.m. Anaesthesia was maintained with nitrous oxide in oxygen and 0.5-0.7% inspired halothane during controlled ventilation under neuromuscular blockade produced with pancuronium 1 mg half-hourly i.m. The tidal volume was adjusted to produce normocapnia. Rectal temperature was maintained at 37 °C, using a heating blanket.
Surgical preparation
A catheter for the administration of Althesin was inserted in one femoral vein and advanced into the inferior vena cava. This was confirmed postmortem. A second venous catheter was inserted for the administration of replacement fluids (Hartmann's solution 5 ml kg" 1 h" 1 ). A catheter in the abdominal aorta allowed continuous measurement of arterial pressure (BP) and intermittent sampling of arterial blood for blood-gas analysis. End-tidal carbon dioxide was recorded continuously with an infra-red carbon dioxide analyser.
An incision was made behind the ramus of the mandible and the carotid bifurcation was identified. A catheter was inserted in the lingual artery and advanced until its tip lay at the junction with the carotid. Xenon-133 in saline was injected through this catheter for the measurement of c.b.f. All branches of the common carotid other than the internal were then double-ligated. A catheter-type electromagnetic flow probe (EMF) was placed around the common carotid artery which, since all other branches had been ligated, measured internal carotid blood flow (carBF).
On the same side, scalp and temporalis muscle were reflected and excised at the level of the zygomatic arch. A more limited reflection of scalp and temporalis muscle was effected on the opposite side. Four brass screws were then positioned in the skull to give bitemporal and frontoparietal e.e.g. recordings.
A 1.5-cm trephine opening was made on the side of the carotid dissection and the dura opened over the superior parietal cortex. The micro pH electrode (see below) was inserted 0.5-1.0 mm into the cortical tissue using a micro-manipulator. The reference electrode was placed on the cortical surface within 0.1-0.3 mm of the tip of the pH electrode or its insertion point. Over the same cerebral hemisphere a collimated scintillation counter was positioned to record the clearance of xenon-133 from brain tissue after its bolus injection into the carotid artery. C.b.f. was assessed using the initial method of analysis of the xenon clearance curve (Paulson et al., 1969) .
pH measurements
Local extracellular H+-activity was measured with a glass micro-electrode which was built using a modification of the technique described by Gebert (1972) . Tubes of H+-selective glass (Ti-glass, Ingold Comp., Frankfurt, Germany) were pulled to capillaries with tip diameters of 2-5 (xm. These capillaries were fitted into tubes of lead glass so that the sensitive glass protruded beyond the tip of the sealing glass. By gently heating with a micro-forge and simultaneously applying pressure to the pH capillary, the two glasses were melted together and the free end formed a small glass bulb with a tip diameter between 15 and 40 |xm. The electrode was filled with an appropriate buffer solution and a chlorinated silver wire was inserted as internal reference. The open end was sealed with wax or silicone.
.As reference electrode, an Ag/AgCl electrode was used which dipped into a small capillary tube of tip diameter 2-5 fxm filled with isotonic sodium chloride solution. This system gave nearly ideal Nernstian potentials, which were recorded across the differential input of a d.c.-amplifier with high-input impedance (> 10 13 Q). Calibration was performed with appropriate buffer solutions (Maas, 1971) . The time constants (T, 2T, 3T) of the system were 0.36 s, 0.63 s and 0.84 s during dynamic calibration (Heuser, 1977) .
Experimental programme
No measurements were made for at least 1 h after opening the dura. Then a series of injections of Althesin 0.05 ml kg" 1 or vehicle (same volume) was given into the central venous catheter. The term "vehicle" is used for the solvent in which the Althesin is normally supplied, and which consists of saline with cremophor as the emulsifying agent. Injections of Althesin were separated by at least 30 min.
Before each injection, control measurements of carBF, cortical e.c.f. pH and e.e.g. were made. Arterial pH, Pco 2 and Po 2 were measured before most injections and end-tidal Pco 2 was recorded before every injection. For 10 s before to 10 min after each injection carBF, cortical pH, e.e.g. and BP were recorded continuously. Carotid vascular resistance (carVR) was calculated as mean BP divided by mean carBF.
Since this study was concerned with the timing of changes in c.b.f. in relation to cortical pH measurement, the emphasis will be on the e.m.f. measurements of internal carBF. However, to verify that the changes seen in carBF were indicators of changes in tissue perfusion, xenon c.b.f. measurements were made before and 3 min after seven of the Althesin injections, in the four experiments. The c.b.f. values were calculated from the initial slope and therefore refer mainly to grey matter flow. The injection of Althesin caused a 7% decrease in mean BP (at 8 s), a 22% decrease in carBF (at 35 s), a 36% increase in carVR (at 35 s), and a 7% decrease in H+-activity (at 3 min) ( fig. 1 ). The alkaline shift in e.c.f. pH was significant between 30 s and 5 min following the change in e.e.g. induced by Althesin (table II) . Zero time in figures 1, 3 and 4 was the time of the first depression detected in the e.e.g. This time was used, rather than the time of injection, to avoid scatter as a result of variations in the central venous to brain circulation time. In figure 2, zero time is the time of central venous injection, since no e.e.g. change was discernible after injection of the vehicle.
RESULTS

Control values, that is values measured immediately
In order to time more precisely the changes in carVR and e.c.f. pH, produced by Althesin, all measurements have been plotted at 1-s intervals in figures 3 and 4. Following Althesin, there was an initial decrease in carVR, probably produced by the mild hypotension followed by a sharp increase ( fig. 3) carVR was reversed by a trend of increasing carVR was at 2.0 s (SEM 0.3) after the e.e.g. change induced by Althesin. The first H+-activity value which was significantly different from control was that at the The point at which H+-activity began to decrease was 10.5 s (SEM 1.0) after slowing of the e.e.g. r = -0.9926). Assessed in this way, H+-activity began to decrease 10.5 s (SEM 1.0) after the first change in e.e.g. induced by Althesin. As regards the duration of the changes produced by Althesin, carVR and H+-activity were no longer significantly different from control 7 min and 5 min after the change in e.e.g. respectively. Xenon clearance measurements of c.b.f. showed a 52% decrease in c.b.f. (initial) 3 min following the injection of Althesin (table III) .
DISCUSSION
In this study, c.b.f. has been measured by two techniques: (i) xenon clearance, and (ii) e.m.f. probe on the common carotid artery after ligation of the external branches. Both these techniques are valid measurements of c.b.f. in the baboon which, like man, possesses an internal carotid artery carrying blood predominantly to the brain. In this respect primates differ from most other species, in which the internal carotid artery is small and carries blood to extracranial tissues as well as to brain.
These techniques, however, measure flow in large regions of brain, whereas the pH micro-electrode is influenced only by H+-activity in its immediate vicinity (1-3 mm). Consequently, the pH readings may not have been representative of the wider area from which c.b.f. was measured. This seems unlikely, however, since the pH measurements were made in many sites selected at random on the parietal cortical surface. At every site, e.c.f. pH changed toward alkaline with the injection of Althesin. Furthermore, Rasmussen, Rosendal and Overgaard (1975) have shown that regional cerebral blood flow (rc.b.f.) decreases equally with Althesin in normal man in all regions of brain examined.
The presence of the electrode in the tissue may, however, have altered the local response of the c.b.f. to Althesin. Without measuring c.b.f. in precisely the same micro area as that from which pH measurement was obtained, it is impossible to discount this suggestion. Indeed, the work of Rasmussen, Rosendal and Overgaard (1975) has demonstrated that, in abnormal areas of brain, Althesin may increase local c.b.f., an effect which, through the wash-out of tissue carbon dioxide, would lead to an alkaline shift in e.c.f. pH. Against this .possibility, however, are the values obtained for e.c.f. pH, which were within the normal range (mean measured e.c.f. pH = 7.305 + 0.014), and did not suggest local acidosis from tissue damage. Furthermore, in one experiment it was shown that bicarbonate injected i.v. did not cross the blood-brain barrier at the site of the pH measurements. Experiments by Heuser and colleagues (1975) have confirmed that the blood-brain barrier to bicarbonate is preserved following placement of the H+ electrode. This maintenance of blood-brain barrier function argues against significant tissue damage produced by the pH electrode.
The present results confirm our earlier finding of a rapid major increase in carVR occurring about 2 s after Althesin-induced depression of the e.e.g. (Keaney et al., 1978) . The tissue e.c.f. pH measurements showed a change in pH in the correct (alkaline) direction to explain the observed increase in carVR, but this occurred too late to account for the initiation of the change in carVR (i.e. carVR increase began at 2.0 s (SEM 0.3) after e.e.g. depression, while H+-activity began to decrease at 10.5 s (SEM 1.0) after e.e.g. change). The observed delay could not be the result of the response time of the H+ electrode, which is less than 1 s; nor could it be the result of the diffusion time of carbon dioxide to the pHsensitive glass, since a change in blood Pco 2 is detected by the electrode within 5 s. By exclusion, therefore, the likelihood is that the carVR change is not initiated by the pH change, and this conclusion is in accord with the timing experiments of Keaney and colleagues (1978) , from which it was calculated that the maximum change of tissue Pco 2 at the time of the initiation of the increase in carVR could not have been greater than 0.5 mm Hg.
Although the change in carVR does not appear to have been initiated by the change in e.c.f. pH, it may have been maintained by it, for a significant alkaline shift existed between 25 s and 5 min after depression of the e.e.g. by Althesin. We suggest that the increase in carVR was initiated by some fastresponding mechanism and maintained by the slower H+-activity change.
From the present measurements it is not possible to state what the initiating mechanism would be. Two obvious suggestions are that a neurogenic control mechanism is involved, or that the changes result from reductions in extracellular fluid potassium concentration. If the mechanism is neurogenic, then the pathway cannot involve the cervical sympathetic nervous system, since in earlier experiments Keaney and colleagues (1978) showed that section of the cervical sympathetic chain did not alter the time course of the carVR changes following Althesin. A mechanism involving the central sympathetic system originating from the locus coeruleus (Owman and Edvinsson, 1978) or the removal of tonic activity in a vasodilator pathway (Ponte and Purves, 1974) cannot be excluded. We believe, however, that a more likely initiating mechanism would be a sudden decrease in e.c.f. potassium ion concentration secondary to reduced neuronal activity. The situation would then be a mirror image of that proposed to account for the increase in c.b.f. accompanying seizure activity with increased e.c.f. potassium concentrations (Astrup et al., 1978) .
RELATION EXISTANT ENTRE LES VARIATIONS DU DEBIT SANGUIN CEREBRAL ET LE pH DU FLUIDE EXTRACELLULAIRE CORTICAL PENDANT UNE DEPRESSION METABOLIQUE CEREBRALE PROVOQUEE PAR L'ALTHESINE
RESUME
On a administre par voie intraveineuse de l'Althesine, a raison de 0,05 ml kg-1 , a des babouins anesthesies a l'halothane et au protoxyde d'azote/oxygene. On a mesure le debit sanguin cerebral (c.b.f.) a l'aide d'un debitmetre electromagnetique et d'un xenodiagnostic (recherche du vecteur responsable) pendant que Ton mesurait a l'aide d'une micro-electrode de pH, le pH du fluide extracellulaire (e.c.f.) du cortex parietal. Le debit sanguin de la carotide (carBF) a commence a diminuer et la resistance vasculaire de la carotide (carVR) a augmenter: 2 s (ecart type des moyennes 0,3) apres le ralentissement du e.e.g. cause par l'Althesine, alors que le pH du e.c.f. a commence a virer a 1'alcalinite 10,5 s (ecart type des moyennes 1,0) apres la variation de l'e.e.g. La premiere augmentation significative du point de vue statistique du pH de l'e.c.f. s'est produite 25 s apres le changement dans l'e.e.g. provoque par l'Althesine. La duree des variations dans la carVR et le pH de l'e.c.f. ont respectivement ete de 7 et de 5 min. On en a conclu que la variation dans le pH de l'e.c.f. ne peut pas avoir declenche l'augmentation de la carVR qui a suivi la depression metabolique c6rebrale produite par l'Althesine. Le deplacement alcalin ulterieur du pH de l'e.c.f. peut toutefois avoir maintenu l'augmentation de la carVR pendant la duree de la depression metabolique cerebrale causee par l'Althesine. 
VERHALTNIS ZWISCHEN ANDERUNGEN DES
SUMARIO
Se administro 0,05 ml kg" 1 de Altesina i.v. a unos mandriles anestesiados con halotano y oxido nitroso en oxigeno. Se midio el flujo sanguineo cerebral (f.s.c.) por medio de un flujometro electromagn£tico y por depuration con xenon, mientras se media el pH del fluido extracelular (f.e.c.) de la corteza parietal por eletrodo micro-pH. El flujo sanguineo de la carotida (FScar) empezo a disminuir y la resistencia vascular de la carotida (RVcar) a aumentar, 2,0 s (MES 0,3), despues del aflojamiento del g.e.e. producido por la Altesina, mientras el pH del f.e.c. comenzaba a tornarse alcalino 10,5 s (MES 1,0) despues del cambio del g.e.e. El primer aumento estadisticamente significativo en el pH medio del f.e.c. ocurri6 25 s despues del cambio del g.e.e. inducido por Altesina. La duration de los cambios en la RVcar y el pH del f.e.c. fue de 7 y 5 min respectivamente. Se llega a la conclusion de que el cambio en el pH del f.e.c. no puede haber provocado el aumento de la RVcar siguio a la depresion metabolica cerebral producida por Altesina. Sin embargo, el viraje a alcalino del pH del f.e.c. puede haber sostenido el aumento de la RVcar durante el periodo de depresion metabolica cerebral producida por la Altesina.
